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Chapter |
INTRODUCTION

1.1 OBJECTIVE

The objective of Project 1.10 was to obtain data on the variation with ground range
of static overpressure (side-on) and dynamic pressure from a nuclear explosion uver a
dust-free water surface, an asphalt surfuce, and a natural desert surface.

Particular attention was given to the relationship between overpressure and dynamic
pressure in the ragions of expected perturbed wave forms. These data were to be used
for the modification and reinforcement of theory of blast effects and precursor formation.
Accurate theory would permit establishment of damage criteria under a variety of burst
conditions, when correlated with measurements of other blast phenomena. Specific data
were 1180 to be furnished to Programs 3 and § for use in analyzing structural effects.

1.2 BACKGRGUND

Prior to 1952, the optimum height of burst for maximum area of desired gruund
level peak overpreasure was obtained from Reference 1. This information was based on
theoretical considerations and extrapolation from small-scale experiments, and on
limited nuclear-explosion data from Bikini Able and a few tower shots. The Buster shots
fn 1951 indicated considerable disparity between predicted and observed pressures both
in amplitude and wave form (Reference 2). The Tumbler shots in 1952 were planned to
resolve some of these differences; the results confirmed that at certain relatively low-
scale heights of burst these discrepancies were real (Reference 3). On Tumbier Shot 4
(particularly at pressure levels above approximately 8-psi peak) amplitudes were re~
duced, rise times were increased, and tho velocity of propagation of the {irst effects
was increased. These effects were shown to be associated with the thermal radiation
acting jointly on the earth’s surface and on surface-produced dust clouds to produce a
thermal layer. Evidence indicated the existence of severe turbulence in these regions
of interest, which complicated the problem of delineating the behavior of the alast wave
by point mesasurements. Ai lnis uine & raiher satisfactory qualitative analysis of these
phenomena was formulated. Howcver, the quantitative data from Tumbler wore insuffi-
cient to permit developr-ent of analytical techniques that would allow predictions of the
magnitude of these disturbing effects under a given set of conditions other than for a
desert-like surface.

The Upshot-Knothole shots in 1953, particularly Shots 1, 10, and 11, provided a
great deal of uantitative data on these phenomena (References 4 and 5). Data from
these and previous shots permitted the deveiopmeni of analytical tschaiguss for predic-
tion of overpresaure to a satisfactory degree of accuracy, but it became increasingly
obvious that the correlation betweén peak cvorprossy
factory in t.ese regions of distorted wave forms. This was particularly true on Upshot-
Knothole Shot 10, where damage to several types of targets at some ground ranges was
{ar greater than that expected on the basis of the peak overpressure observed. A num-
ber of measurements of dynamic pressure were planned and conducted, but the rather
unexpccied damage to the gage mountings themselves reduced the usefulness of the data

(Reference 6). .3

CONFIDENTIAL

FORMERLY RESTRICTED DATA

gurc and damaon affarta was not satia-




tee
v e
soes

Program 1 of Operation Tesapot was therefore planned to give primary emphasis to
measurement of dynamic pressures in those regions where the relationship between dy-
namic pressure and overpressure remained questionable. Analysis of earlier data had
also indicated that the magnitude of these unpredicted effects probably depended on the
nature of surfaces involved; Teapot, therefore, included an investigation of the effects
of different types of surface upon blast phenomena.

Prior to Teapot, experimental data seemed to indicate that formation of the pre-
cursor was due to rcfraction of the incident shock wave by a layer of heated air near the
ground surface. It was believed that if the temperature of the heated layer were suffi-
clently high with respect to the ambient air above it, the velocity of this refracted shock
wave would be increased so that it would reach a ground radius station sooner than would
the incident (undisturbed) shock wave. The refracted wave, as it was propagated through
the heated air layer, also sent another shock wave into the ambient air above the thermal
layer (Reference 7). Although few dynamic-pressure measurements bad been obtained
in the precursor region, the data available :ndicated that the dynamic pressures in the

region ot aisturped blast waves were equal to or greater than ideal and much greater
than would be calculated from the measured overpressures using the classical Rankine-
Hugoniot relationship applicable across a shock front.

These abnurmally high dynamic-pressure measurements were at least partially ex-
plained when laboratory tests indicated that the pitot-static tube measurement is sensi-
tive to dust or other particulate ma.ter carried along by the shock wave. Differential
pressures measured in the precursor region are therefors believed to represent the
dynamic pressure of the air plus some portion of the dynamic pressure associated with
dust.

Before Teapot, very little data was available for determining the effect of the physi-
cal properties of the ground surface upon precursor wave formation and development.

A few measurements of distrubed blast waves over land and water and the resul's of the
smoke experiments on Upshot-Knoihole (Reference 7) indicated that conditions which
altered the physical characteristics at or near a surface could have a profound effect
upon measured pressures and wave forms. Furthermore, since it has bocome apparent
that pressure measurements are influenced by such parameters as dust density, near-
surface temperatures, and wind direction, the determination of these quantities assumes
a grealer importance than previously realized. For this reason, the Teapot program
included extonsive measurements of some of the more-fundamental blast parameters
for which presumably dependable instrumentation had been developed previously, and
included a limited number of exploratory measurements of the more-important physical
parameters.

Finally, a limited program of drag-force measurement on simple shapes was in-
claded. These measurements, when coupled with the pressure measurements at the
sume locations, could permit later correlation with wind-tunnel and shock-tube expert-
ments designued to investigate the drag forces developed by a precursor.

14
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Chapter 2
PROCEDURE

2.1 DESCRIPTION OF TESTS

The two Operation Teapot Shots with which this report {s concerned are Shots ¢ and
12 (see Table 2.1).

Blast measurements on Shot 6, although limited in number, were included to explore
the effects of different types of ground surface (desert and asphalt). In addition, it was
thought *hat Teapot Shot 6 data could help clarify the results obtained on Upehot-Knothole
Shot 10 (Reference 4), which was detonated at approximately the same burst height.

Shot 12 measurements, taken over three different surfaces (desert, asphalt, and
water), were designed to obtain detailed information on the effects dus to surface pro-
perties in the region of disturbed blast waves. Also, it was hoped that the measurements
would yield definitive data on pitot-tubs dynamic pressure, few of which were available

from nuclear tests prior to Teapot. .

2.2 GAGE LAYOUTS .

2.2.1 Siot 6. The gage layout for Shot 6 (Figure 2.1) was designed to obtain maxi-
mum information practicable with the 24 avallable gage channels. Since ground zero was «-c...
located near the northern edge of the paved area in Area T-7-1, blast lines were extended : -°°
both north over the desert area and south over the paved area. The availability of these L.,
surfaces, similar to two of those used on Shot 12, was the basis of the decision to tnstru- _....
ment this shot. However, the desert surface in this area was rough and boulder-strewn, )
in contrast with the smooth surface of the Frenchman Flat area of 8ot 12. Also, the
asphalt suriace was broken and ridged in places, but still provided a definite contrastto .’ °.
the desert surface and was much greater in length and span than ths Shot 12 asphalt line. . .
On each line, gage stations were located to concentrate on the region of probable transi-
tion between precursor and normal wave forms. Ground ranges of 1,300, 1,650, and Seeeel
2,000 feet in each direction were chosen as those most likely to producv the critical in-
formation, based on the pretest estimate «{ yield and on the results of Upshot-Knothole
Shot 10.

It was decided tha. ..essurements of suriace-{eve!l overpressure, and of overpressure
and dynar-ic pressure (using a pitot-tube gage) at 10-foot elevation at each station would
provide maximum useful information. To compute corrections to the measured dynamic
pressure corresponding to variations in pitch angie of flow, pitch gages at 10 feet were
included at each gnge station. (The angle of pitch {s defined as the flow angie measured
in that vertical plane which is determined by the pitch gage and ground zero. )

2.2.2 Shot 12. The gage layout for Shot 12 (Figures 2.2 and 2.3) was a complex
problem. The general concept of Program 1 for this shot was to instrument three dif-
ferent blast lines: one over a water surface, one over an asphalt surface, and the third
over the natural desert. An effort was made to locate gages or each line to obtain the
maximum information of interest and the maximum correlaticn between lines. A number
of projects participated, and the resultant gage layout for Project 1.10 represented, {n

15
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some instances, a compromise between interests for the best overall program rusulte.
The general principle followed in instrument layout was as follows. Surface-level
air pressures were measured at sufficient stations along each line to provide correlation
with other shots and general information a8 to pressure level versus radius. Above-
ground (10-foot) overpressure was meacured at a few stations on each line for further
correlaticn with other shots and for determination of any pressure gradients which might R
be detectable. Dynamic pressures with their associated overpressures were measured
at 3- and 10-foot heights at intervals determined partly by practicability of towers and
partly by the usefuiness of this information to other projects and programs. At one sta-

TABLE 3.1 DESCRIPTION OF TISTS

Code lLocauoca Blast-Line Atmoe. Press. Air Temp
ot Name Date (Ares) Surtace Yield Height GZ  Buret Ht GZ  BRurst Mt
n fn mb mb C ‘C

[ ] Bes Mar 22, 1988 T-7-la Desert 7.7 3500 Tower [ (] [ X} l.¢ 30
(Ywoon) Asphalt

13 Mot Apr 18, 1988 Freschmaa Water 22.0 400 Toser 908 [12) 1% 10.9
Tiat Desert
Asphalt

tion on each line, investigation was made of the variation of dynamic prcssures with
heights up to 40 feet. At two stations (1,500 and 2,500 feet) on the water line, the pitot-
tube measurements were made at locations which were displaced from the main blast

line (see Figure 2.4). It was hoped that these measurements would aid in determining

the extent and time of feed-in of disturbances from the desert surface. Measurements

on the water and asphalt lines were restricted in radius to that of the lines themselves.

In general, for each gage measuring dynamic pressure, associated measuremeant of

pitch was made by Project 1.11 (Sandia Corporation) for correction of measuzed pressures
and for study of flow characteristics. Full detail of the gage layouts can be obtained from
Figures 2.2 through 2.4. In conjunction with this project, seven inatrument channels were
supplied to Project 3.6 for their direct use, not connected with free-field phenomeunology.
Two channeis were used for measurements of loading on beams under Project 3.2. These
beam devices were located at 200- and 2,500~foot ground range on the desert line.

2.3 PREDICTIONS

In planning & experiment of this type, it is necessary to predict the values of the
functions to be measured with an accuracy sufficient to allow the sensitivity of each chan-
nel to be set closely enough so that satisfactory deflections will be recorded. For best
results, these should be within a factor of two from the true values.

Sufficient'data were available (References 3, 4, and 5) from shots at similar heights
of burst over desert soil to permit reasonably dependable predictions of peak overpressure
versus radius for the desert lines of both shots. Thess same predictions were used for
the asphalt lines, under the assumption that thermal effects would be simiiar to those on
the desert ltnes. For prediction purposes, an ideal curve was constructed for the water—
line of Shot 12, based on the free-air curve and assumed reflection factors.

Predictions of dynamic pressure on the desert lines were based largely on data from
Upshot-Knothole Shots 1, 10, and 11 (References 4 and 8). While not as complete as over-
pressure data, they were sufficient to permit reasonably dependable predictions. For the .
water line, predictions were based on the theoretical relationships between overpressure
and dynamic pressure, using the ideal curve of overpressure as a basis for calculation.
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Figure 2.1 Gage layout, Shot 6.

17

CONFIDENTIAL

-



NORTM

o ANOLE

OF PITCH vS TIME (SANDIA CCRP PROJECT 111)

162 762
NOAYH
WATER ASPHALT
o STA 2! STA 4} o
210 GRETI0FT @B
(-] o
SR, A sl
203" STA 23 STA 43 “’3.
11303}' GR+1280 FT Sos)
meas_ | e
2003 | e @ o
23010 23p, 28p3X STA %2_'60015'? 4% e 03
5 & 15"0}. 26Q3X 45810
£SO, 45P10
- 48Q10/)°
210000 o STA 26 STA 46 °
26P10], GRITINPT 48Pi10),
e . 260.0 48Q10
. ar0
: o :;S:l' STA27 _ STA 47 e
. 278 2791 GR+ 2000 FT peda- O
27Q10 s7010),
""" ¢ STA28  STA 48 areio
uno}. GRe2280FT 46 P10),
280Q10 48010
selat g::i 20P3Y sersy,
29810 2903y o902 N
00008 20P10], o @ STA 29 STA 49 49810 P
29010) 298 | 29A3X SR+ 2600 FT a9PiC), a8
roP23), 2903x 49010
29028 «nu},
19040 ¢ 49940
29Q40 STA 3I TA 51 c
ursy, on-zrsgn s 49040 s
3103 813§’
2 3
sze zr3), Sl 23.;0031‘: =2 T RGN
3203 3203
scavLe
O OROUND OAFrFLE 0 = iy
® 3FT TOWER
® 10 FT TOWER reet
& 40 FT TOWER

Figure 2.2 Gage layout, S8hot 12, water and asphalt lines.
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Figure 4.3 Pressure versus time, water line, Shot 13
(ground range = 750 feet ~ 1,250 fect).

53
CONFIDENTIAL

b st s




PRESSURE (PSI)

o aem—— .

U/A\‘\—\ ase
0g o oz 03 ae as
TIME  (SEC)
80
[ j\/\/\\ 25P3
. g
°o al a2 a3 0e Y
TIME  (SEC)
sor
25Q3A
0 ey~ ——
0 Y 02 a3 Qe as
TIME (SEC)
80r
0 T
0 a a2 a3 as
TIME (SEC)
50
[ 29503x
% ai oz a3 ae as
.0 TIME  (SEC)
D\J\\ 29P3Y
% o a2 nue tsec) i .
320
300}
250}
200}
150}
100}
25Q3Y
sof
o
0 ol 02 a3 Y]
TIME (SEC)

rigure 4.4 Pressure versus time, water line, 8hot 12
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Figure ¢.3 Pressure versus time. water line, £dot 13
(ground range = 1,600 feet—2,000 feet).
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Figure 4.6 Pressure versus time, water line, Shot 12, .
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Figure 4.7 Pressure versus time. water line, 8bot 12
(£-ound range = 2,530 feet).
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Tizure 4.8 Pressure versus Uime. water line, 8bot 12
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Figure 4.9 Pressure versus time, water line, Shot 12
(ground range = 2,500 feet- 3,000 foet).
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Figure 4.10 Pressure versus time, desert llne, Shot 12

(ground range = 750 feet—1,250 feet).
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Figure 4.11 Pressure versus time, desert line, Shot 12
(ground range = | 500 feet).
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Figure 4.12 Pressure versus time, Gdesert line, 8bot 12
(ground range = 1,500 feet— 2,000 feet).
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OVERPRESSURE (PSI)

MAXIMUM

fact, peak pressures mnsasured here are not unlike those measured near the center of

the asphalt surface. At gage Btations 17 through 12 (BRL), although the results are ir-
regular, there is evideace that maximum pressures were significantly higher in this
desert sector. Proceeding around toward the water suriace, both BRL and Project 1.10
overpressure data show large variations in magnitude, even from preseure gages located
near the water blast line. Referring to vave-form classificatioas included In Figure 5.14,
it is apparent that there is some correlation between the higher peak pressures and the
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Figure 5.6 Maximum overpressure versus gro-nd range,
water line, Shot 12.
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gage records which exhibi: more advanced wave forms, i.e., Types 6 and 7.

thought to be characteristic of the so-called cleaning-up region of the disturbed-blast-
wave evolution.
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Figure 5.9 Maximum overpressure versus ground range,
surface and 10-foot level, Shot 6.

The Shot 12 area map (Figure 5.15) might help to explain the phenomena observed by
the BRL instrumentation This area map shows portions of the Frenchman Flat test area
which have undergone stabilization for Teapot and previous operstions; also shown on the
map, for easy comparison, are the BRL gage-station locations around the instrumented
arc. Figures 5.16 and 5.17 are postshot area photographs showing the character and ex-
tent of the stabilized areas. It may be more than mere coincidence that most of the BRL
gages which recorded the higher peak overpressures were those located near oron a
stabilized pad. The obvious conclusion is that abrupt localized changes in the character-
i{stics of the surface over which a blast wave {s traveling may have significant effects upon
the peak overpressure and time history of a measurement taken in the near vicinity of the
altered surface. Nonetheless, it should be emphasized that the symmetry measurements
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Figure 5.10 Maximum overpressure versus ground range,
dese~t and asphalt, Shot 12.
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taken on only one shot {n the test series were available and at a ground range (2,500 feet)
where the blast wave disturbances were somcwhat spent. Therefore, it {8 recommended
that similar instrumentation be included on future tests, both within and beyond the re-
gions of disturbed blast waves.

The above discussion logically leads to a consideration of the results obtained from
the Shot 12 offset gages at 1,500 and 2,500 feet on the water blast line (see Figure 2.4}.
These gages were installed for the purpose of detecting the possible cross-feed of blast
disturbances from the desert area to the water area. One method for analysis of cross-
feed effects makes use of the arrival time and position data tn compute interval velocitivs
between the desert-water interface and the various gage stations. A summary of these
velocities is listed in Table 5.2. The velocities have been determined assuming blast-
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Gage Surface Grewmd Arriva} Posllios Diswance trom  Vrocity Wawe-From
Range Time Ldage from Edre Trype
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